A meta-analytic review of the literature points out that young adults benefit more from instruction in mnemonic techniques than do older adults. In a study on memory plasticity after instruction in the method of loci, it was found that the cognitive mechanisms of plasticity in young and older adults are largely identical, with the age-related variables of speed of mental operations, associative memory, and number of list rehearsals as the core influences on plasticity. The data fit an amplification model of plasticity, in which variables positively associated with pretest performance and negatively associated with age are positively related to plasticity. Also, older adults were found to comply less with instructions, and when complying, to apply the method of loci correctly less often. Noncompliance, incorrect strategy use, and amplification might explain the adult age differences in treatment gain after instruction in a mnemonic technique.
During the past two decades, it has been argued repeatedly (e.g., Baltes & Labouvie, 1973; Baltes & Schaie, 1976; Bakes & Willis, 1982; Labouvie-Vief, 1976 ) that the decline in (fluid) cognitive functioning typically associated with aging does not preclude intraindividual variability in performance. Intraindividual variability in the sense of modinability-for-the-better, usually measured after instruction in some test-relevant skill or technique, has been labeled plasticity (e.g., Baltes & Willis, 1982) . One of the fields in which training studies have been conducted frequently is episodic memory performance. In a meta-analysis of 33 studies, Verhaeghen, Marcoen, and Goossens (1992) concluded that episodic memory performance in older people can indeed be boosted through the application of mnemonic techniques.
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Recently, researchers and theorists have devoted some attention to the question of individual differences in plasticity (e.g., Kliegl, Smith, & Baltes, 1990; Willis, 1989 Willis, , 1990 . One of the individual-differences variables that has been examined with regard to memory training is adult age, in a contrast between young and older adults. In Table 1 , studies are listed that were included in the Verhaeghen et al. (1992) meta-analysis and for which data on plasticity in young adults are available. All studies involved training in the method of loci, with the exception of the studies by Yesavage and Rose (1984;  name-face mnemonic) and Meyer, Young, and Bartlett (1989;  organization of textual material). The weighted average effect sizes for memory training groups for both young and older adults are reliably larger than zero (for the younger group: d+ = 1.52; lower/upper limits of 95% confidence interval 1.22 to 1.81; for the older group: d+ = 1.28; lower/upper limits of 95% confidence interval are 1.01 and 1.55). The mean weighted difference between younger and older adults' pre-to-posttreatment gain is 0.51 and significant (95% confidence interval from 0.27 to 0.75). For the memory training groups only, the difference was somewhat larger and also significantly different from zero (d+ = 0.72; 95% confidence interval from 0.42 to 1.01). Thus, young adults seem to benefit more from memory-enhancing interventions than do older adults. This can also be seen at the level of the individual studies in Table 1 : With the exception of the memory training group in Meyer et al. (1989) , effect sizes for young adults are always larger than corresponding effect sizes for older persons. Note that continuing research on the Kliegl, Smith, and Baltes (1989) participants indicated that even after a very extensive training program (38 testing and training sessions over a period of 1 year and 4 months; , age differences remain considerably larger than at pretest.
In a number of studies on older adults, some cognitive individual-differences variables have been found to be associated significantly with treatment gain in episodic memory after instruction: Table 1 Effect Sizes (Pre-to-Posttreatment) Note, d = effect size; L/U = lower/upper bound of the 95% confidence interval for d.
(a) Speed of mental operations, as indexed by digit-symbol substitution tests (positive: Kliegl et al., 1990; Kliegl & Thompson, 1991) . (b) Working memory (positive: Kliegl & Thompson, 1991) . (c) The fluid abilities of reasoning (positive: Kliegl & Thompson, 1991) and spatial orientation (positive: Kliegl et al., 1990; Lindenberger, Kliegl, & Baltes, 1992) . (d) Verbal ability (positive: Stigsdotter & Backman, 1991; Weaver & Lachman, 1991; Yesavage, Sheikh, Tanke, & Hill, 1988 , in one group; possibly negative: Lane, 1984; negative: Yesavage et al., 1988, in one group) . (e) Mental status (positive : Hill, Yesavage, Sheikh, & Friedman, 1989; Yesavage, Sheikh, Friedman, & Tanke, 1990, using the Mini-Mental State Examination [MMSE; Folstein, Folstein, & McHugh, 1975'] ; but no relation was found by Stigsdotter & Backman, 1991) . (f) Episodic memory abilities (positive: Kliegl & Thompson, 1991) . Treatment gain also appears to be related to age within an older sample (negative relation: Gratzinger, Sheikh, Friedman, & Yesavage, 1990; Weaver & Lachman, 1991; Yesavage et al., 1990;  but no relation was found in Stigsdotter & Backman, 1991 ; note that a negative relation was found in the Verhaeghen et al., 1992, meta-analysis) .
Two regularities emerge for these data. First, whenever a correlation is found, it almost always implies that treatment gain is largest for those participants having (so to speak) the best assets at the onset of the study. Largest gains are reserved for youngold persons, individuals with high speed of mental operations, with a large working memory, good at reasoning and spatial orientation, high on mental status, and having a good episodic memory. Second, all these variables have been demonstrated to be related to age in such a way that treatment gains mediated through these variables should be expected to be smallest for the oldest individuals: Speed declines with advancing age (e.g., Salthouse, 1991) , as do working memory (e.g., Verhaeghen, Marcoen, & Goossens, 1993) ; reasoning and spatial orientation (Salthouse, 1992b; Schaie, 1983) ; mental status (at least in the age range 55 to 94 years; Mas, Gorissen, & Baro, 1988) ; and episodic memory in general (e.g., Verhaeghen et al., 1993) . If these variables correlate positively with plasticity in old age, this might explain the exacerbation of age differences evidenced in Table 1 . The change in these variables with advancing age will bring about a concomitant decline in plasticity.
This implies that in old age, plasticity can be best described through what might be called an amplification model, in which the correlates of plasticity also correlate (with identical sign) with pretest memory performance, resulting in an amplification of existing differences. Such a model could be opposed to a compensation model, in which the correlates of plasticity correlate with pretest performance but with an opposite sign. Moreover, the variables found to influence plasticity are related to age with a sign opposite to their correlation with plasticity. Thus, the magnification of age differences after memory training might be explained by the influence of age-related variables on plasticity.
An individual-differences variable of another kind possibly associated with treatment gain is compliance with the training. It appears that some nontrivial proportion of the older participants (38% on the weighted average, in studies that report such data; Anschutz, Camp, Markley, & Kramer, 1985; Flynn, 1987; Hellebush, 1976; Robertson-Tchabo, Hausman, & Arenberg, 1976; Wood & Pratt, 1987) do not apply the mnemonic or skill taught. If this proportion is larger for older adults than for youn-ger participants (who apparently do not always comply with instructions either; Hall, Wilson, & Patterson, 1981; Pash & Blick, 1970; Persensky & Senter, 1970; Sweeney & Bellezza, 1982) , as is suggested by Hellebush (1976) and Wood and Pratt (1987) , this might well explain part of the increase of age differences.
The aim of the present study is to take a closer look at the sources of age differences in plasticity after instruction in a mnemonic technique. Individual differences in plasticity are operationally denned-in keeping with psychometric arguments provided by Cronbach and Furby (1970) , Embretson (1987) , and O'Connor (1972)-as residualized gain (i.e., the difference between the observed posttest score and the posttest score predicted from the pretest). This residualized gain score has the advantages of being uncorrelated with initial status and less unreliable than raw difference scores. What is being measured then is, of course, the amount of change that is larger or smaller than what could be expected from knowing both the individual's pretest score and the mean improvement in performance in the group under study. When investigating the influence of selected variables on individual differences in plasticity, an easily implementable variant of this method is to apply some form of regression or path analysis, in which posttest performance is predicted from both the selected variables and pretest performance, so that the influence of the selected independent variables can be corrected for pretest performance (Cronbach & Furby, 1970) . In the present article, path analysis methodology will be applied.
The technique trained in the present study is the method of loci, mainly for two reasons. First, this technique has often been implemented in aging research and with much success (Verhaeghen et al., 1992) , so that it is almost certain that plasticity will be elicited after instruction in this technique. Second, plausible candidates for cognitive individual-differences variables associated with application of this technique can be easily identified. In the method of loci, participants are presented with lists of words of (usually) high imagery value, which are learned by forming visual associations between the nth word and the «th place (locus) of a fixed trajectory of places (loci) scanned mentally by the participant. Retrieval occurs by taking a mental walk along the trajectory, retrieving the associated image at each locus, and deriving the original word from it. This, presumably, changes the nature of the task from a serial list recall task at pretest to a visually based paired-associates recall task at posttest (Lea, 1975) . Visual ability and associative-memory performance are then likely candidates for variables associated with individual differences in plasticity under the method of loci. In the present study, measures for highly specific factors, that is, very concrete aspects of the application of the method of loci, such as the nature of the images formed, the adaptation to study times, or the number of rehearsals of the material, were also included. Apart from these factors specific to the application of the method of loci, two general factors associated with memory performance (and memory aging) in general, namely speed of mental processing and working memory capacity, were included as well. Besides the usual verbal working memory measure, a measure of visual working memory was included because application of the method of loci involves imagery and thus presumably uses up visual storage space in working memory.
Method

Participants
Older participants were 76 Dutch-speaking volunteers recruited from two different adult education programs and one organization of retirees from a banking company. The group's mean age was 66.5 years (SD = 5.1), with a range from 60 to 87, and 53% were women. All participants scored above the cutoff score for possible organic pathology on the Symbol Digit Modalities Test (Smith, 1982) . Mean years of education was 12.8 (SD = 2.6). Mean score on a Dutch multiple-choice version of the Wechsler Adult Intelligence Scale (WAIS) Vocabulary subtest (Roels, 1982) was21.2(S£> = 4.0). \bung participants were 63 Dutch-speaking college undergraduates, 51% of whom were women. Mean age was 18.7 years (SD = 1.3), ranging from 18 to 25. All participants scored above the cutoff score for possible organic pathology on the Symbol Digit Modalities Test (Smith, 1982) . Mean score on the vocabulary test was 20.1 (SD = 4.2). This score was not different from that of the older subsample, /(137) = -1.52, ns.
Overview and Procedure
Participants were tested and trained in small age-homogeneous groups, in three sessions scheduled 1 week apart. Sessions lasted between 75 and 120 min. During the first session, list recall was tested, along with all tasks for spatial ability and vividness of imagery, and half of the tasks for speed of mental processing, working memory, and associate memory. All sessions were conducted by the same experimenter.
During the second session, a short talk on memory functioning and memory aging was given. Participants were also provided with the mean, minimum, and maximum scores for ordered list recall at pretest for their age group (as collected thus far). Then, the method of loci was explained, stressing the interactive nature of the imagery involved. Participants were encouraged to make bizarre or exaggerated images for better recall. It was stressed that participants should use the method of loci at posttest. They were then invited to try to devise their own set of places and to inscribe these in the training booklet when ready. When this was done, two or three (time permitting, and when participants indicated not being too tired) exercises were performed. For the older group, the first exercise was given at 6 min study time (for 25 words); the study time for the last exercise or exercises was negotiated (and was typically 4 min). For the young, the first exercise was given at 4 min study time; the study time for the last exercise or exercises was negotiated (and was typically 2 min). This difference in procedure was made for motivational reasons: A 6-min presentation time did not seem much of a challenge for the young participants; 4 min for the first exercise seemed like an ordeal rather than a challenge for the older group. For these exercises, participants were allowed to keep their copy of the set of loci at hand; it was stressed that at posttest this would not be allowed. Exercises were corrected classwise. Participants received a booklet with detailed instructions about the method of loci and 12 extra lists in order to practice at home. During the third session, list recall was tested, along with all tasks for individual difference measures not administered at the first session.
On completion of the study, all older participants and all younger participants who requested so received written feedback about their performance relative to their age peers. Also, for those interested, a short talk by Paul Verhaeghen was provided in which general results were outlined and remaining questions were answered. All participants received a book token of BEF 700 (approximately $20) in the third session.
Measures
Evaluation measures. Episodic memory performance was assessed through three lists at each testing occasion, each presented at a different presentation time. Six lists of 25 Dutch words were prepared, consisting of nouns randomly drawn from a pool of highly imaginable words, as indexed by an imagery value of 6 or higher on the 7-point van LoonVervoorn (1985) scale. (The van Loon-Vervoorn norms are the Dutch equivalent of the norms by Paivio, Yuille, & Madigan, 1968.) Lists were checked for obvious associations between items; whenever these occurred, one of the words was substituted by a word with about the same imagery value. (An additional 15 lists of 25 words were prepared according to the same principles for training and homework purposes.) The score for the list recall tasks was the number of items in the longest string of items recalled in the correct order (hereinafter called ordered list recall). For instance, if a participant recalled the first two words in the correct order, skipped one, and recalled the rest in perfect order, she or he would receive a score of 24. If a participant recalled the first five words in the correct order, recalled Items 6 and 7 in the wrong order, and had the rest correct, he or she would receive a score of 18. Participants were made aware of this scoring criterion.
Because testing was conducted in groups, we decided to present the stimuli in list format. The first list was presented at 6, the second at 4, and the last at 2 min of study time. After presentation of a list, one of the speed or verbal working memory tasks was inserted as a filler task between study and recall. Pretest split-half reliability for the list recall measures was .95, .94, and .94 for the young at 6, 4, and 2 min presentation time, respectively. For the older participants, the respective reliabilities were .87, .75, and .80.
Individual-differences measures. We decided to use at least two different types of tests or questionnaires per construct and to combine these by averaging across tasks. These combinations were averaged z scores except for associative memory, which has tasks that are in the same metric. (For visual working memory, z scores were ultimately used to make the metric of the construct of visual working memory akin to that of verbal working memory.) Using multiple indicators has the advantage emphasizing construct variance ". . . by aggregating across multiple measures of the construct to average out, either through cancellation or dilution, the variance associated with specific materials and procedures" (Salthouse, 1992a, p. 18 ; see also Rushton, Brainerd, & Pressley, 1983) .
Three general factors-speed of mental processing and verbal and visual working memory-were measured. Speed of mental processing was indexed, first, by the Symbol Digit Modalities Test (revised version, Smith, 1982) , a symbol-to-digit transformation test. Scores on this test were corrected for writing speed as deduced from a digit-digit-copy task, using the same layout as for the Symbol Digit Modalities Test. The second indicator was the Identical Pictures Test from the Kit of FactorReferenced Cognitive Tests (Ekstrom, French, Harman, & Derman, 1976) . Reliability for the speed construct, as estimated by Formula 39 from Thorndike (1971) for the reliability of a combination of tests of known reliability, was .90.
Verbal working memory was indexed by four tasks, possibly falling apart in two different constructs (storage only vs. storage and processing). Tasks involving mere storage were a digit span task and a letter span task (4 to 9 items each). Tasks involving processing as well as storage were a subtract-2 span task (after Salthouse, 1988) , in which participants are required to subtract 2 from each number heard before writing their answer, and a letter-span-plus task, in which participants are required to replace each letter with the letter immediately following it in the alphabet before writing their answer (3 to 8 items each). Score was the average of the longest sequence rendered correctly and the longest series for which both sequences presented were rendered correctly. Because the correlations within the two constructs (median r = .48) were not higher than those between measures of the constructs (median r = .48), scores for the storage and storage-plus-processing verbal working memory constructs were collapsed into one verbal working memory construct. The Guttman lower bound for reliability for this verbal working memory construct was .77.
The two tasks for visual working memory were derived from a task by Baddeley, Grant, Wight, and Thomson (1975) . In these tasks, participants were presented with a page on which four rows of three square 4 X 4 matrixes were printed. In each matrix, the second box from the left and the top was marked with the number 1. This box was the starting point for a trajectory, read aloud by the experimenter at normal reading speed. Trajectories consisted of a series of numbers, in numerical sequence, and a set of spatial instructions, involving moves to an adjacent box. An example of a six-number trajectory used is (translated into English):
Start in the box marked /. Go up one box, and write down the number 2. Go one box to the right, and write down the number 3. Go down one box and write down the number 4. Go one box to the right, and write down the number 5. Go down one box, and write down the number 6.
Participants were requested to "follow with their eyes on the matrix" as the experimenter read the trajectory. They were not allowed to trace with their pen or fingers on the paper nor to make gestures while the trajectory was read. After the trajectory was read, participants wrote down the numbers in the appropriate squares. Score was the average of the longest sequence rendered correctly and the longest series for which both sequences presented were rendered correctly. Two practice trials were offered before the test itself. For the first visual working memory task, trajectories of 7 to 11 numbers were presented, with the first two matrixes containing 7 numbers, the following two matrixes containing 8 numbers, and so on. For the second visual working memory task, the same length of trajectories was used, but trajectories were not ordered by length, and the experimenter did not tell the participants how long each trajectory would be. Guttman lower bound for reliability for the visual working memory construct was .69.
Three specific factors-spatial ability, vividness of imagery, and associative memory-were assessed. Spatial ability was measured through the Card Rotation Test from the Kit of Factor Referenced Cognitive Tests (Ekstrom et al., 1976) and the Lorenz and Neisser (1985) version of the Cube Test (Richardson, 1977) . Applying Formula 39 from Thorndike (1971) , reliability of the spatial ability construct was found to be at least .76. Vividness of imagery was assessed through two questionnaires, the Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973 ) and Gordon's Imagery-Control Scale, Form I (Richardson, 1980) . Reliability as assessed through the Thorndike formula was .86. Associative memory was measured through two pairedassociate memory tasks. The first associative-memory task consisted of 25 pairs of nouns. The cue of each pair was a part of the house, the response was a high imagery noun (imagery rating higher than 6 on the van Loon-Vervoorn, 1985, scale). The pairs were placed in no particular order. Because the parts-of-the-house task closely matches one of the aspects involved in the method of loci (linking places with words), it was decided to present this task to all participants at pretest, so practice with this aspect of the method of loci would have no impact on the results for this task. The second associative-memory task (presented at posttest) consisted of 25 pairs of high-imagery nouns (imagery rating higher than 6 on the van Loon-Vervoorn, 1985, scale) . None of these pairs were judged by the experimenter to have high preexperimental associative value. Study time was 2 min for each task. A five-item example was provided. A visual working memory task was inserted between study and recall. Guttman lower bound for the reliability of the associative-memory construct was .91.
Information was also gathered concerning highly specific factors, that is, strategy use at pretest and posttest. Strategies at pretest were mea-sured through a 16-item questionnaire, containing three subscales, derived after principal-components analysis (see Verhaeghen & Marcoen, 1994 , for a more detailed description): (a) association, consisting of items involving associative processes and imagery; (b) concentration, consisting of items indicating concentration and attention; and (c) testing and repetition, consisting of items involving on-line testing and rehearsal strategies. Because the correlation between identical subscales across study times was quite high (median r = .81, range = .39-.91), subscales scores were converted to z scores and then averaged across study times before inclusion in subsequent analyses.
Strategies used at posttest were assessed through a two-part questionnaire. The first part was identical to the questionnaire on strategies at pretest. The second part consisted of questions about the application of the method of loci. Questions were asked with regard to the following: (a) Application of the method of loci (with 5 answer categories: for all words, for more than half of the words, for about half of the words, for less than half of the words, and not at all). (d) Qualities of the combined images (checking any number of the following: the objects representing the words were of normal size, the objects representing the words were smaller than normal, the objects representing the words were larger than normal, the objects representing the words were distorted, strange things happened with the objects representing the words at the places, things (but not strange things) happened with the objects representing the words at the places, nothing happened with the objects representing the words at the places). (e) Study time management (studying at one's own pace versus trying to adapt to study time). (f) Number of list rehearsals (with 4 answer categories: less than the whole list was studied: the list was studied about once: all words were studied once, but not all words were studied twice; the whole list was studied twice or more).
All tests and tasks were presented to the participants in a booklet in A4 format (21 cm X 29.7 cm). When needed, lettering and layout of the original tests were adapted so as to make the material as legible as possible for the older adults. Lists of words and paired-associates were presented in lowercase Times Roman 24 pt (about 4 mm high), centered on the page. All lists were preceded by a masking page. Recall sheets for the list recall tasks consisted of 25 numbered lines, each 43 mm long, centered on the page.
Two forms, A and B, were constructed. Half of the participants in each session received Form A, and half received Form B, so that no two persons sitting next to each other had the same form (in reality, 52% of the younger and 46% of the older groups received Form A, the rest received Form B). Order of tests and tasks in the two forms were identical, but the exact tests and tasks sometimes differed so that pretest lists for Form A were posttest lists for Form B and vice versa, and that participants seated next to each other worked on different parts of tests for which different parts could be distinguished (i.e., Card Rotation Test, Identical Pictures Test, the vocabulary test). Except where noted, an alpha level of .05 was used for all statistical tests.
Results
Age Differences in Ordered Recall Performance and Individual-Differences Measures
Age differences in individual difference measures are represented in Table 2 . Age differences favoring the young are evident in all variables, composites, and individual tasks, except for the composite vividness of imagery and its constituting tasks. (The composite and the Imagery-Control Scale show no age difference; VVIQ score of the older group is better than the VVIQ score of the young.) Note the ceiling effect for visual working dffor t memory in the younger group, which most probably distorts the correlation between this construct and other variables.
In Table 3 , age differences in ordered recall at pretest and posttest are presented. At posttest, the younger group clearly hit the measurement ceiling at 6 and 4 min study time. As a consequence, individual differences in plasticity were not examined for these study times.
From Table 3 , it can also be concluded that at pretest, ordered recall performance is larger at 4 than at 6 min study times for both age groups. This is most probably because the 6 min study time list is the first list presented to the participants. Participants might need the practice with the first list before deploying their best strategies on the second list; also, the checklist for strategies presented after the first list might help participants pick a suitable strategy for the second list.
Age Differences in Compliance
One important result from the present study is that a nonnegligible minority of the older group was found not to comply with instructions at all study times for the ordered recall task. At 6 min, 5.3% of the older group indicated that they did not apply the method of loci; at 4 min, this was 13.5%; at 2 min study time, 22.4% did not comply with instructions. None of the participants who did not comply at 6 or 4 min study times complied at 2 min study time. It was decided to label the 17 participants not complying at 2 min study time as nonusers of the method of loci: Seemingly, these participants were insufficiently skilled in the method to use it consistently over all presentation times. A fair evaluation of the effects of any mnemonic technique calls for the exclusion of participants who cannot use the technique with some skill (Bellezza, 1983) .
As can be gathered from the means presented in Table 4 , training effects were different for the group of older users and nonusers at 6 and 4 min study time, as exemplified by significant Time X Use interactions in a repeated-measures analysis of variance (ANOVA) in the older age group (6 min study time: Because of this, we concluded that no clear evidence exists for plasticity related to the use of the method of loci at 2 min study time. Consequently, the performance of the older group at 2 min study time was left out of subsequent plasticity analyses. All of the young indicated they applied the method of loci at all study times. Compliance was reliably associated with age category, x 2 (l,^= 139)= 16.06, p<.001. To check for ability and background differences between the older users and the older nonusers, a multiple regression analysis was conducted with group membership as the dependent variable and all individual difference measures, plus pretest scores and pretest strategy measures, as independent variables. The only variable reliably differentiating between the groups was age (raw regression coefficient = -.03, standardized regression coefficient = -0. 
Age Differences in Correctness of Application
In analyzing self-reported strategy use at posttest, we found that not all users applied the method of loci as it should be applied. More specifically, a number of participants indicated in the posttest strategy questionnaire that they still made groupings of "related" words, made up a story with the words in order, -9.80*** -12.97*** -8.89***" -13.81*** Note. N= 139. t tests are one-tailed and based on 120 ^unless otherwise indicated. There were no nonusers in the younger group. Data on posttest performance in the younger group of users at 6 and 4 min study time are presented for illustrative purposes only. * dffor t test is 119 due to a missing value in the group of older adults. ***/><.001. made meaningful connections between two or more words, made meaningful connections between a word and the preceding or following word, or made up a story without having the words in order. Overall, 39.7% of the young and 51.3% of the total sample of the old (i.e., 66.1% of the older users) indicated that they had applied one or more of these strategies at one or more of the posttest tasks. The association between age category and correct application of the method within the group of users is significant, x 2 ( 1, N = 122) = 8.53, p < .01. In Table 5 , pretest and posttest performance of the different age groups is listed as a function of incorrect versus correct application of the method of loci. There is a trend toward an increasing training benefit for correct strategy use. This trend results in a significant Time X Strategy Use interaction in a repeated measures ANOVA on the 4 min study time data in the older group, F( 1, 57) = 4.67, p < .05; the interaction was not significant for 6 min study time in the older group, F( 1, 57) = 2.97, ns, or in the younger group, F( 1, 61) = 0.76, ns. Thus, the advantage of applying the method of loci correctly can only be reliably detected in the older persons, and in only one of the two relevant study times.
To check for ability and background differences between participants applying the method of loci incorrectly and those applying it correctly in the sample of young adults, a multiple regression analysis was conducted for each age group separately, with correctness of strategy use as the dependent variable and all individual-differences measures plus pretest scores and pretest strategy measures as independent variables. Variables reliably differentiating in the young were verbal ability (raw regression coefficient = .04, standardized regression coefficient = .26, p < .05) and the pretest strategy of testing and repetition (raw regression coefficient = -0.26, standardized regression coefficient = -0.41, p< .01; R 2 for regression = .30). Within the older participants, the only variable reliably differentiating between the groups was the strategy of association (raw regression coefficient = -.23, standardized regression coefficient = -.36, p< .05; R 2 for regression = .27).
Age Differences in Other Qualitative Aspects of Application of the Method of Loci
Some other qualitative aspects of the application of the method of loci were included in the study. These are practice at home between training and posttest and qualitative aspects of the application of the method of loci at posttest. Only participants using the method of loci at all study times were included in these analyses.
The young participants indicated that they had practiced on average for 0.75 hours at home and that they had practiced on average 3.38 lists. The older users had practiced on average for 2.32 hr and on average 5.54 lists. For both measures, the older group practiced reliably more than the young, two-tailed t( 120) = 4.99 and 3.24, with p < .001 and .01, respectively. In a twoway ANOVA with age and correctness of strategy use as independent variables, a main effect of age was noted on hours of practice, F(l, 118)= 19.70, p < .001, but no main effect of correctness of strategy use, F(\, 118) = 2.60, ns, nor an interaction effect, F( 1, 118) = 2.04, ns, was found. Likewise, a main effect of age was noted on number of lists practiced, F( 1, 118) = 7.66, p< .01, but no main effect for correctness of strategy use, F(\, 118) = 1.80, ns, nor an interaction effect, F( 1, 118)= .00, ns, was found. Thus, the older group had practiced longer and on more lists than had the young. Participants correctly applying the method of loci had not practiced more or less than had participants incorrectly applying the method. The results indicate that age differences in plasticity cannot be ascribed to less practice by older participants.
In the younger age group, no correlation between hours of practice or number of lists practiced and the individual-differences variables, the background variables, or ordered list recall was found. In the older age group, number of lists practiced correlated positively with speed, r = .35, p < .01, and associative memory, r = .27, p < .05; and hours of practice correlated negatively with posttest performance at 6 min study time, r = -.33, p< .01; r = -.32 when pretest performance was partialed out. Thus, although in the young practice was not related to any variable, the older participants who practiced more lists were apparently the participants with higher basic cognitive ability (at least on two of our measures). Larger amount of practice clearly did not lead to higher posttest performance, and for one study time in the older group, hours spent in practice was even negatively related to posttest performance.
Age differences in the application of the method of loci at posttest were examined using two-way ANOVAs with age category and correctness of strategy use as independent variables.
To protect the a level of the statistic tests, Bonferroni correction was applied, setting the critical p level at .0015. None of the Age X Correctness interactions reached significance. At all study times, the older participants reported using more images at normal size than did the young (6 min study time: Note that because in the instruction in the method of loci the use of interactive imagery, and specifically bizarre interactions, was stressed, these results indicate a form of relative noncompliance by the older group as compared with the younger group. It is not quite clear why at one of the study times correct application of the strategy should be related to using more images at normal size. Perhaps (the number of images larger than normal size and the number of distorted images being similar in participants correctly and incorrectly applying the method), it simply reflects that participants correctly applying the method use imagery more often than do participants also trying to make (presumably verbal or semantic) connections, or concocting stories.
Mechanisms of Plasticity in Ordered Recall After Instruction in the Method of Loci
As stated, the mechanisms of plasticity in ordered recall after instruction in the method of loci were examined through path analysis. Linear structural modeling with the maximum likelihood algorithm of the LISREL 8 program (Joreskog & Sorbom, 1993) was applied. For reasons cited earlier, modeling was restricted: for the older age group, to 6 and 4 min study time; for the younger age group, to 2 min study time. Also as stated earlier, influences on plasticity were defined as influences on posttest after the influence of pretest is removed. Ideally, only participants applying the method correctly should be included in the analysis. However, because their number (especially in the older age group) is quite small, it was decided to include the total sample of users with no missing values (i.e., 62 younger and 59 older adults) in the path analysis. Correctness of strategy use was included in the analysis as a dummy variable (hereinafter called strategy use). Variance-covariance matrixes were used as input in the analysis.
1 Because the exact measurement units are arbitrary, the standardized solution is reported. This allows for evaluation of the relative sizes of paths and effects. A hierarchic model of cognition, consistent with the general-plus-specific approach to memory aging advanced by Salthouse (1992c) , was adopted for determining the direction of the paths between the different variables. This model can be represented as a tier model, in which causal influences can go from a tier high in the model to a tier lower in the model and within tiers. No influences from a tier lower in the model can go to a higher tier. In the present study, the first tier consists of age, the second of speed, the third of verbal and visual working memory, the fourth of spatial ability and vividness of imagery, the fifth of associative memory, the sixth of pretest performance and highly specific factors, and the final tier consists of posttest performance. Within the tier of highly specific factors, it is assumed that the number of list rehearsals may be influenced by other highly specific factors but does not influence these other factors itself. Correct strategy use was included in the tier of highly specific factors and was considered antecedent to the other application variables in that tier.
A five-step approach to model fitting was taken. 2 First, because of the large number of possible variables (general and specific individual difference variables and specific strategies at posttest), the set of variables entered in the models was restricted to the variables correlating significantly with either pretest or posttest performance, or both, at any of the study times. These were age (only for the older age group), speed, visual working memory, spatial ability, associative memory, correct strategy use, vividness of places, vividness of objects, imagining objects smaller, imagining objects distorted, time management, and number of list rehearsals. Consequently, only these variables were entered in the subsequent path analyses.
Second, a baseline model was estimated, consisting of the following features: (a) all possible paths (in accordance with the tier model specified earlier) between the individual-differences variables were estimated; (b) all possible paths from individualdifferences variables to pretest were estimated; and (c) the path from pretest to posttest was estimated. This model assures that pretest is explained as completely as possible from all antecedent variables, and it implies that posttest performance is completely explained by pretest performance.
Third, this baseline model was relaxed by freeing model pa- Note. N = 121. GFI = goodness-of-fit index; AGFI = adjusted GFI;
.Rpost = proportion of variance in posttest ordered recall performance explained by all other variables in the model; post = posttest ordered recall performance; NLR = number of list rehearsals; AM = associative memory; CSU = correct strategy use; VO = vividness of objects; SA = spatial ability; smaller = imaging objects smaller; distort = imagining objects distorted; VWM = visual working memory.
rameters one at a time. Only parameters that were in accordance with the tier model outlined earlier were freed; at each step, the relevant parameter with the highest value of the modification index was freed. This procedure assures that all paths estimated from individual-differences variables to specific strategies or posttest performance, or from specific strategies to posttest performance, will be significant.
Fourth, general models were constructed in which all paths freed in Step 3 in any of the three models were freed in all models, so that the same paths were estimated for all models. Fifth, these models were trimmed, so that in each model only significant paths and variables significantly affecting pretest or posttest performance remained in the analyses.
Regardless of its significance, in all of these models the path from pretest performance to posttest performance was kept free in order to be able to estimate the influence of antecedent variables on plasticity. We assumed that this approach, starting from a restrictive baseline model to a general model and back to a model containing a minimum of variables and free paths, would eventually result in a parsimonious model for plasticity.
In the course of model fitting, it appeared that estimating reciprocal paths (as suggested by the modification indexes) between vividness of places and vividness of objects resulted in computational nonadmissibility of solution. Correlation between these two variables is quite high (older adults: r = .73, .72, for 6 and 4 min study time, respectively; younger adults at 2 min study time: r = .60, all/?s < .001). Correlations between posttest scores and vividness of objects were somewhat larger than correlations between posttest scores and vividness of places in two out of three study times; as a consequence, we decided to eliminate vividness of places from the analysis, keeping vividness of objects in, and to restart the procedure. The history of the subsequent relaxing of parameters in the baseline models is reported in Table 6 .
The resulting general models fit the data reasonably well (older adults, 6 min study time: Trimming these models resulted in final models for each age group at each relevant study time per age group, depicted in Figures 1 through 3 . These models explained the data well (older adults at 6 min study time: Number of list rehearsals Figure 2 . Final path model relating selected individual-differences variables to ordered list recall performance in older adults, 4 min study time. All paths are significant.
by the general models (A/Jj^ = -.03 and -.03, for 6 and 4 min study time, respectively). For the young, the final model explains a slightly larger proportion of the variance compared with the general model (A/? ^ = .02).
Total effects of the variables on pretest, posttest, and plasticity are reported in Table 7 . Note that with the present sample size, the significance of specific effects (such as the effects on plasticity) cannot be evaluated directly (Bollen, 1989; Joreskog & Sorbom, 1989) . Therefore, an ad hoc procedure was used, labeling total effects of a variable on plasticity as significant whenever either a direct significant path or a sequence of uninterrupted paths (not involving pretest) existed from the variable to posttest. From Table 7, it can be gathered that associative memory is the strongest predictor of plasticity and that in all models speed and number of list rehearsals are important predictors. The influence of speed in these models is always mediated by associative memory. With regard to the effects of the individual-differences variables on plasticity, it may be noted that all ability variables included in the model have positive effects on plasticity. Thus, no evidence for a compensation model is present. Rather, the present data fit an amplification model.
Because in all models speed of mental operations is such a central variable, it is important to note that its effects go beyond merely allowing younger participants to rehearse more words in the same amount of study time. As can be seen in Table 8 , there are large age differences in ordered recall among participants reporting an identical number of list rehearsals. In an ANO\A with age and number of list rehearsals as independent variables, the main effects of age and number of list rehearsals on posttest performance are significant: for 6, 4, and 2 min study time-age main effects, F(l, 116) = 52.1,^(1,114)= 123.8, and F(l, 114) = 137.6, respectively; number of list rehearsals main effects, F(2, 116) = 36.7, F(3,114) = 10.3, andF(3, 114) = 11.4, respectively; all ps < .001. There are no interaction effects: F associated with smallest;?: F(3, 114) = 1.91, for 2 min study time, ns. The large size of the age effects can be illustrated by pointing out that even younger adults having had only an incomplete look at the list recall on the average more words than do older adults having studied the list twice or more. Thus, the effects of decreased speed are not only peripheral (bearing on the limitation of the number of times the list can be rehearsed) but are presumably mostly central (bearing on the mental operations themselves).
Discussion
In the introduction, we concluded from the literature that there are age differences in plasticity. We suggested that an amplification model might account for these differences in that selected abilities negatively associated with adult age would correlate positively with plasticity. As age progresses, these plasticity-enhancing abilities would decline, bringing about a concomitant decrease in plasticity. From the literature, it could also be gathered that age differences in compliance with instructions in a mnemonic skill or strategy (with the older people complying less than the young) might be a subsidiary mechanism in the magnification of age differences after mnemonic training. In this study, we found evidence for the existence and relevance of both compliance differences and an amplification mechanism of plasticity. There was indeed an age difference in compliance. Although all young participants used the method of loci at all study times, an important minority of the older participants did not. At 6 and 4 min study time, older participants not using the method exhibited reliably smaller treatment gain than did those using the method. Thus, a first reason why age differences were magnified after training is that some part of the group of older participants did not apply the method at posttest. Therefore, the total group of older adults improved less than they presumably would if all participants had applied the method. Noncomplying older participants appear to be older than complying older participants. The reason for this is as yet unclear, especially because none of the cognitive variables reached significance in the regression analysis used to predict compliance. It is, of course, important to note here that the data do not logically imply that low performers might not be able to apply the method of loci; the data merely indicate that they fail to do so despite explicit instructions to use the method.
Another kind of age difference in compliance was found when the application of the method of loci was examined in more detail. It was found that a majority of older users did not apply the method of loci as intended in that they also tried to make some kind of association between two or more of the words in the lists. The proportion of the young not applying the method correctly was significantly smaller than the corresponding proportion in the old. In the old, a perseverance effect seems to be at work, that is, participants using associative strategies at pretest (which affects their pretest performance positively; Verhaeghen Marcoen, 1994) were less apt to trade these strategies for a complete adherence to the method of loci at posttest. In this they were wrong; performance was reliably lower for the older adults not applying the method correctly at one of the two relevant study times. The young who did not apply the method correctly were, like the old, more strategic at pretest in that they reported using testing and repetition strategies more often than did young participants applying the method correctly. This raises the issue of whether teaching mnemonic strategies or skills must not only involve training the method but also unlearning previously instated routines. The young who applied the method correctly were also more intelligent (as indexed by higher verbal ability scores) than those who did not apply the method. Perhaps an explanation can be derived from the Binet theory of intelligence (which recently has gained some empirical support; Timmers, 1992) , namely, that intelligence consists of choosing the best strategy for the task, all the more so when the intelligent participant has had first-hand experience with a particular efficient strategy. It remains then to be explained why this effect does not occur in older adults. Perhaps the older participants applying the method incorrectly have never had firsthand experience in correct application. The findings concerning noncompliance should be qualified by stating that these are based on self-reports by the participants. These self-reports are of unknown validity and reliability. Some participants who did not apply the method of loci at posttest may have indicated that they did use the method for reasons of social desirability; conversely, some participants experiencing poor method use may have preferred to cover up their inability by indicating absence of method use.
An important finding is that age differences at posttest are not only quantitative in nature, as evidenced by age-related differences in the self-reported quality of images. Apparently, and contrary to instructions, the older participants tend to make images that are more like real life, both in size and in type of interaction. This finding is consistent with a previous study on imagery in paired-associates recall (Poon & Walsh-Sweeney, 1981) .
With regard to the mechanisms of plasticity, several path models were fitted to the data of the participants using the method of loci at posttest. Unfortunately, no models in which both age groups are represented simultaneously could be estimated, because there was a large posttest ceiling effect for the younger group at 6 and 4 min study time, and there was no clear evidence for plasticity due to the method of loci for the older group at 2 min study time (no interaction between time of measurement and compliance was found). As a consequence, it cannot be estimated what portion of the age-related differences in plasticity is explained by the proposed mechanisms.
The path models eventually boiled down to parsimonious but well-fitted models with a common core. For both the younger and older adults, speed influences associative memory, which in turn influences pretest performance directly and posttest performance both directly and indirectly through the number of list rehearsals. In both age groups, associative memory has the largest influence on plasticity, and the next largest influence is number of list rehearsals. Speed is a third important influence. Given the nature of the method of loci (forming pairwise associations between the to-be-remembered items and a series of places), it is not surprising that associative memory has a positive influence on plasticity. In the model for the younger group (contrary to what is found in the models estimated for older adults) visual working memory and correctness of strategy use have an extra effect on plasticity through their unmediated influence on posttest. The effect of visual working memory in the younger group is about as strong as the effect of speed. It may be noted that the extra influence of visual working memory in the younger participants may be related to the (self-reported) higher quality of the images formed by them; more visual working memory space may be needed to form those detailed images.
These final models have four interesting properties. First, the models explain a rather important proportion (between 40% and 56%) of the variance in posttest performance. This implies both that the major mechanisms of plasticity (under the circumstances of the present study) most probably have been identified and that other variables influencing plasticity still need to be identified. These additional variables are not necessarily different from the ones measured here, because some of the composites might be quite noisy through unreliability (this might be the case for visual working memory) or suboptimal validity. In any case, a cognitive model (in which background or personality variables are not taken into account) accounts quite well for the data.
Second, these models offer a possible explanation for age differences in plasticity and hence for the magnification of age differences from pretest to posttest occasions. All of the variables associated with plasticity in old age (speed of mental operations, associative memory, and number of list rehearsals) show large age differences favoring the young. Thus, the results point out that an amplification model of age-related differences in plasticity is called for: Age differences are magnified through training partly because the abilities associated with plasticity are reduced with advancing age. Interestingly, the core of the models for the young and the old is identical. Thus, paradoxically, the quantitative age difference in memory plasticity seems to be brought about by the quasi-age-invariance in the underlying mechanism.
Third, there appears to be only a modest relation between pretest and posttest ordered recall performance. Thus, even though some of the variables underlying performance at pretest and posttest are identical, one clearly measures something different at posttest from what is measured at pretest. This places the psychologist interested in individual differences in memory performance before a paradox. At pretest, memory is being measured in the wild, as it were, with participants bringing all kinds of strategies to the task. At posttest, memory is being measured under strict conditions, with participants (presumably) all applying the same strategy. It can be argued that in neither case is a memory ability being measured: In the first case, differences in strategy use are obscuring the measurement of the true ability; in the second case, test score may be heavily influenced by specific factors related to the strategy (such as associative memory in the present study, which is a factor specific to application of the method of loci or comparable techniques) or to task characteristics (such as the number of list rehearsals in the present study, which is a factor that is de facto not present when items are presented serially). These two cases may only have a small proportion of variance in common, as in the present study. The fact that there is a significant path from pretest to posttest in the final models for older people (as opposed to nonsignificance of the path in the models for the young) may reflect the larger commonalities between processes at pretest and posttest in the old.
Fourth, it is important to bear in mind that these models deal with individual differences in performance improvement. They are all about constraints, but these constraints play their role in a context of plasticity. Thus, even though clear age differences exist in the amount of plasticity that can be elicited, and these age differences are eventually irreparable because the mechanisms of plasticity are themselves age-related, plasticity of memory functioning in old age is considerable. Given enough study time, the average older person who applies the method of loci correctly can be expected to rise above the average performance level of the untrained young adult. Limits on growth still imply growth.
With regard to the relevance of the findings of this study for plasticity theory in general, the reader should bear in mind that plasticity is a phenomenon that is always occurring in a context: Plasticity observed is always plasticity observed in a specific individual or group of individuals, under well-specified circumstances. Some of the conclusions of this study are very closely tied to the procedure used for evaluating the effects of the method of loci. For instance, it was found that correctness of application of the method of loci influenced plasticity. Applying the method incorrectly by combining the method of loci with item-to-item association techniques, as a number of participants did, might have been enhanced by presenting the items in list format. Number of list rehearsals, another variable influencing plasticity, is a variable that can only be influential when items are presented in list format. Compliance, a third variable influencing plasticity, might be enhanced by conducting more than one training session (creating the opportunity to direct more attention to the problems encountered by participants feeling ill at ease with the method), or by conducting a more challenging program of a series of training sessions, boost sessions, and test sessions (such as the Kliegl et al., 1989 Kliegl et al., , 1990 , in which initially noncomplying participants would probably either be compelled to eventually apply the method or to selectively drop out of the study. Other conclusions of this study are tightly associated with the technique trained. When applying the method of loci, locus-to-object associations have to be formed, so it is not surprising that associative memory is an important predictor of (residualized) treatment gain. For the name-face mnemonic and the pegword mnemonic, associative processes are also important, so this same variable might be predictive for application effectiveness in these techniques also. For other techniques, such as text organization, associative memory will most probably have less predictive power, but variables such as verbal ability might become more important.
Even though it cannot be concluded logically that the amplification model holds for the whole range of memory techniques, the available evidence, both from previous research and from this study, suggests that it may be widely applicable to the phenomenon of plasticity in episodic memory functioning. In studies on memory plasticity in which associations with cognitive variables have been examined, the data almost invariably fit an amplification model. To our knowledge, the relaxation-pretraining group in the study by Yesavage et al. (1988) proves the only instance of a compensation effect, in that verbal ability correlated negatively with raw treatment gain in this group (but note that this might be a regression effect in disguise, with high verbal ability being associated with higher pretest scores and higher pretest scores being negatively correlated with raw treatment gain because of regression toward the mean). In the present study, speed of mental operations was found to be of central importance in that it influences plasticity through the specific factor of associative memory. Speed of mental operations, as is becoming increasingly clear (e.g., Horn, 1980 Horn, , 1982 Lindenberger, Mayr, & Kliegl, 1993; Salthouse, 1992a Salthouse, , 1993 , is a central factor in the explanation of both individual differences and age-related differences in episodic memory performance, as well as in fluid intelligence performance. As a consequence, any technique or strategy that relies for its application on aspects of episodic memory (such as associative memory) or aspects of fluid intelligence that were less influential at pretest will eventually lead to a magnification of individual differences in general and of age differences in particular. Memory strategies such as the method of loci, the name-face mnemonic, and the pegword mnemonic, and imagery skills will most probably all lead to a magnification of existing age differences in performance because of their reliance on associative memory. Moreover, from the mechanisms of plasticity as described here, a magnification of age differences after training in psychometric intelligence might be predicted as well. Performance on the components of fluid abilities, as trained in the Adult Development and Enrichment Project (ADEPT) and Project Alterslntelligenz (PRO-ALT) programs (see Lindenberger, 1988, and Willis, 1982 , for overviews), is probably age-related, because performance on these components is most probably dependent on processing resources such as speed or working memory capacity. Application of these components will thus presumably be more efficient in young adults, and age differences at pretest will be magnified at posttest. (This phenomenon and its mechanisms, however, remain to be demonstrated.)
